Abstract. Thyroid fine-needle aspiration (FNA) biopsy has been widely accepted as an accurate and cost-effective tool in the management of thyroid nodules. To avoid unnecessary FNAs and provide appropriate management, patient evaluation should be based on a multidisciplinary approach. For this purpose, the Thyroid Imaging Reporting and Data System (TI-RADS) and strain elastography (SE) were proposed as tools for the risk assessment of malignancy in thyroid nodules. The aim of the present study was to analyze the utility of TI-RADS system and SE, along with FNA, and prospectively evaluate 369 consecutive patients referred for FNA of a thyroid nodule. TI-RADS was tested against The Bethesda System for Reporting Thyroid Cytopathology to determine whether there was an agreement between the two classification systems; statistically, some agreement was observed. Medians of the maximum SE values (E-max) were obtained for benign and malignant FNA results and found to be 1.97 [interquartile range (IQR): 1.87] and 2.8 (IQR: 3.42), respectively (P=0.004). The number of studies investigating the utility of TI-RADS and SE along with TBSRCT is currently limited. Our study demonstrated that a multidisciplinary approach with the use of TI-RADS and SE may mildly improve the management of thyroid nodules.
Introduction
The incidence of thyroid nodules has significantly increased over the last decades (1) . Thyroid nodules may be detected in 19-67% of the cases by high-resolution ultrasound, and thyroid cancer must be excluded in all these nodules (2) . Thyroid nodules are mostly benign and asymptomatic and, thus, do not require any treatment. Fine-needle aspiration (FNA) has become an essential diagnostic modality in the evaluation of thyroid nodules and is implicated in all three major guidelines in patient management, namely the American Thyroid Association (ATA), the European Thyroid Association (ETA) and the Society of Radiologists in Ultrasound (SRU) (3); however, there is currently no consensus regarding the exact indications of FNA in these three main guidelines. The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC), which was created through multidisciplinary formulation, is the most popular cytology reporting system worldwide (4) .
The primary success of TBSRTC was reducing unnecessary thyroid surgery. The malignancy detection rate increased from 14 to 50% prior to and following adoption of FNA as a diagnostic modality, respectively, and was even higher after the introduction of TBSRTC (5) . However, the effectiveness of TBSRTC in reducing unnecessary and repeat FNAs, which was the secondary aim, appears to be limited. TBSRTC appears to lack solid support by the main guidelines due to the lack of standardization and clear-cut indications of FNA (3, 6) . US scoring systems have been devised in an attempt to overcome this weakness. Despite its high diagnostic ability and cost-effectiveness, TBSRTC may be becoming a screening test, which may be associated with high cost rates due to the significant number of FNAs performed in daily routine practice; moreover, it may increase false-positive results in cytological specimens and false-negative/vanishing tumor diagnosis in pathological specimens (6, 7) .
A number of different imaging modalities have been used to evaluate thyroid nodules to avoid unnecessary FNA and surgery. The Thyroid Imaging Reporting and Data System (TI-RADS) was introduced in 2009 by Horvath et al (8) , based on the concepts of the Breast Imaging Reporting and Data System, which conducts a risk assessment of malignancy in breast FNAs. Horvath et al proposed 10 characteristics, and Park et al (9) subsequently established a new system with 12 characteristics, which were aimed at standardizing the evaluation of thyroid nodules with US. However, the application of those characteristics to all thyroid nodules was found to be problematic.
Sonoelastography, first proposed in 1991 by Ophir et al, operates on the relative hardness of the nodule compared with the adjacent thyroid parenchyma to improve diagnostic accuracy (7, 10) . There are two technically different methods, both aimed at measuring the stiffness of the tissues: Strain and shear-wave elastography. Strain elastography (SE) consists of a quantitative measure (strain index) and a qualitative color picture superimposed on the B-mode image. The proof of elevated/increased stiffness should guide FNA, even in nodules without suspicious findings on ultrasound (11) .
Therefore, the main question is which nodules should be referred for FNA, which was addressed by investigating 369 cases using TI-RADS and SE with TBSRTC.
Materials and methods
Case selection. The study was designed to include prospective FNA diagnostics in patients with nodules/focal lesions of the thyroid gland, who were referred for biopsy to the Haydarpasa Numune Training and Research Hospital (Istanbul, Turkey) between January and June, 2014. All aspects of the study were reviewed and approved by the hospital's Institutional Review Board. A total of 369 cases were evaluated by 3 radiologists (with 17, 2 and 16 years of experience) and FNAs were performed. Using the recorded images, a single radiologist determined the corresponding TI-RADS category (Horvath) ( Table I ).
Procedures. All the patients were ultrasonographically examined (iU22 ultrasound device; Philips, Bothell, WA, USA), elastography was performed and the strain ratio was recorded. Heterogeneous thyroid parenchyma, substernal elongation of the nodule or recurrent nodules following partial/total thyroidectomy hinder elastographic measurement due to the lack of proper reference/background tissue and a maximum SE value (E-max) could not be provided for these cases.
FNAs were performed with a 22-gauge needle and two smears were prepared for each pass. Rapid on-site evaluation was performed by a cytopathologist using Diff-Quik stain. Cell blocks were prepared from the excess material in the syringe. All the cases were signed by the same cytopathologist according to TBRSTC.
Statistical analysis. Statistical analysis was performed using the SPSS software, version 20 (IBM SPSS, Armonk, NY, USA). The variables were investigated using visual or analytical methods to determine whether they were normally distributed. As the E-max value was not normally distributed, the Mann-Whitney U test was conducted to compare values among TBSRTC categories. The agreement between TI-RADS and TBSRTC was tested by using Cohen's Kappa statistics. An overall 5% type-1 error level was used to infer statistical significance.
Results

Patient characteristics.
A total number of 369 thyroid FNA cases performed between January and June, 2014
were included in the present study. The majority (86.7%; n=320) of the patients were female and the mean age of the patients ± standard deviation was 56.9±11 years. According to TBSRTC, 17.1% (n=63), 59.3% (n=219), 7.1% (n=26), 5.1% (n=19), 2.7% (n=10) and 8.7% (n=32) of the cases were reported as non-diagnostic (ND), benign (B), atypia of undetermined significance/follicular lesion of unknown significance, follicular neoplasia/suspicious for follicular neoplasia, suspicious for malignancy (SFM) and malignant (M), respectively. The same cases were evaluated as category 2 (39%; n=144), category 3 (4.1%; n=15), category 4 (45%; n=166) and category 5 (1.6%; n=6) according to TI-RADS (Table II) . A total of 13.8% (n=51) of the patients underwent consequent thyroidectomy, and the subsequent histopathological diagnosis was benign in 39.2% (n=20) and malignant in 70.8% (n=31) of the cases. Malignant diagnosis included 30 papillary thyroid carcinomas (6 classic, 4 encapsulated follicular, 4 aggressive, 7 follicular, 8 oncocytic and 1 Warthin-like variants) and 1 medullary thyroid carcinoma. There was no discrepancy between cytopathological and histopathological diagnosis. The distribution of the cases according to TBRSCT in each TI-RADS category is summarized in Table III . There was some agreement between the TI-RADS and TBRSCT classification systems (32.5%) and the kappa value for benign and malignant diagnosis was 0.1. In 16% (n=59) of the cases, E-max value could not be provided due to the lack of normal thyroid parenchyma due to multinodular goiter and chronic lymphocytic thyroiditis. For the evaluated cases, the median E-max value for benign nodules was 1.97 [interquartile range (IQR): 1.87], whereas in SFM and M nodules it was 2.8 (IQR: 3.42), and the difference was found to be statistically significant (P=0.004; Fig. 1 ).
Discussion
Walfish et al (12) first proposed ultrasonography (US)-guided FNA in 1977; since then, US-guided FNA has significantly accelerated daily practice. The following US characteristics are widely used to highlight the risk of malignancy in thyroid nodules: Vascularity, microcalcifications, composition, echogenity, margins, presence of a peripheral halo and calcifications. There has been a general consensus/agreement in ATA, ETA or SRU, that suspicious US characteristics are an indication for FNA (2, 6, 13, 14) . However, those guidelines have various combinations of suggestions in evaluating malignancy of thyroid nodules that may cause confusion between clinicians. Recently, to establish a better communication between radiologists and clinicians, several US proposals and/or scoring systems have been proposed in the literature (9, 15) .
TI-RADS was introduced by Horvath et al in 2009 to create a standardized reporting system, inspired by BIRADS, based on the malignancy risk assessment of thyroid nodules (8) . At the beginning, TI-RADS appeared to be promising through focusing not only on benign nodules, but also on follicular lesions. The main disadvantages of TI-RADS were difficulty in evaluating 10 US parameters for every nodule, and its complexity that does not provide a clear discrimination for the malignancy risk assessment, let alone focusing on follicular lesions. Over time, TI-RADS was modified by a number of authors in several studies. Park et al proposed a new system based on 12 US characteristics (9) . Another modified TI-RADS was introduced by Kwak et al (15) , which appeared to have a more practical basis on 5 US characteristics compared with the previous versions.
The present study was designed to compare the compatibility and feasibility of the Horvath TI-RADS with TBSRTC and its usefulness for avoiding unnecessary FNAs with the contribution of elastography. Kwak et al reported the increased malignancy risk in correlation with an increased number of suspicious US characteristics (15) . Friedrich-Rust et al (16) reported promising results in terms of interobserver agreement with 3 observers for 114 thyroid nodules, but still point out the need for further studies to create an optimal system integrating all TI-RADS categories. The negative predictive value (NPV) was 92-100% for TI-RADS categories 4 and 5 in the diagnosis of malignancy in the same study.
Our study also demonstrated some agreement between every category of the TI-RADS system and TBSRTC. The suggested malignancy risks were 5-10% and 10-80% in categories 4a and 4b of Horvath TI-RADS, respectively, which were compatible with our results in TI-RADS 4a and 4b (10.2-26%). Our malignancy ratio in TI-RADS 2 was 5.5% while Horvath's was 0%. Compared with other modified TI-RADS, Horvath's proposal appears to be quite strict (8,9,15) Hence, further large-scale studies are required on this topic. ND and benign cytology results represented marked cumulation in the TI-RADS 4a group that may have originated from external and internal changes of the nodule: Recently, Eze et al stated the importance of FNA-induced changes that may give rise to false-positive results on thyroid cytology and false-negative results/understaging of the tumor on thyroid pathology (17) . Unnecessary and repeat FNAs may cause what is referred to as 'external factors/changes', causing degenerative processes in the nodule through organizing hemorrhage, granulation tissue, fibrosis and sclerosis. The same cellular processes may be seen as spontaneous degenerative changes of the nodule, referred to as 'internal factors/changes' (18) . All these external and internal changes of the nodule may resemble suspicious imaging findings that may easily be categorized as TI-RADS 4a (19) . Overlapping US characteristics of malignant and benign nodules is an ongoing problem, despite several large-scale studies that were successful in discriminating malignancy in thyroid nodules. The results of internal and external changes of the nodule may be reflected as false-positive results in cytopathology and vanishing tumors/understaging of the tumor in pathology (17, 18) . The amount of unnecessary FNAs has been steadily increasing due to the increased detection of nodules by high resolution US. This may lead to transforming a successful diagnostic test into a screening modality, which may have legal implications and is associated with high medical costs (7) . Our results demonstrated that TI-RADS 4a must be elucidated to eliminate the overlapping characteristics of reactive changes and malignancy in this group. Elastography has been proposed as a new dynamic technique to assess the elasticity of the nodule in comparison with the adjacent parenchyma and is a well-accepted method for the breast and prostate gland. Previously published studies suggest certain limitations based on technical and histological factors (7) (Table IV) . However, several studies demonstrated the usefulness of SE in avoiding unnecessary FNA and discriminating malignant from benign nodules. The sensitivity and specificity vary from 43.2-100% up to 70-92%, respectively, along with wide alterations of the positive predictive value (40-60%); however, the most common point is the high NPV results (90-99%) in almost all studies (20) (21) (22) (23) . Despite all its limitations, we consider SE to be a reliable method in the diagnosis of benign nodules, taking into consideration the high NPV ratios in the majority of the studies.
Although our results were presented as a scheme (Fig. 2) , we do not propose an algorithm for patient management, since a group of 369 patients is not sufficiently large to suggest one. There is some agreement between TI-RADS and TBSRTC, but the high ratio of benign cytology results in categories 4a (54.8%) and 4b (39.5%) demonstrate that benign characteristics actually dominate these groups and, thus, the unnecessary biopsy rate is increased, disguising malignancy. These categories require modifications. Further studies should be performed concerning inter-and intraobserver variability, internal and external histological factors, or different imaging methods. A similar contradiction exists for ES. The E-max values demonstrate a marginally significant difference between benign and malignant nodules; however, the significant overlap over a wide range of values limit its use in daily practice.
We believe that TI-RADS, as well as E-max, may be considered for inclusion in the 3 main guidelines; however, due to the abovementioned limitations, they must be simplified/modified. TBSRTC must have a simple, reproducible US scoring system to prevent unnecessary FNAs, which may be added to the main guidelines if it proves to be a secondary success over time.
In conclusion, TI-RADS must be modified, or a new US uniform reporting system must be created in a significantly more practical and effective manner. The TI-RADS categories and SE must be reviewed to eliminate the significant existing overlap between benign and malignant cytology findings. The high rate of unnecessary biopsy for benign thyroid nodules is a worldwide problem; thus, our results demonstrate a certain benefit in discrimination compared with the current system. 
